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Abstract: The objective of this study is to define an efficient pricing scheme for irrigation water in
conditions of unmetered water use. The study is based on a principal-agent model and identifies
a menu of contracts, defined as a set of payments and share of irrigated area, able to provide incentives
for an efficient use of the resource by maximizing social welfare. The model is applied in the case
study of the Çukas region (Albania) where irrigation water is not metered. The results demonstrate
that using a menu of contracts makes it possible to define a second best solution that may improve
the overall social welfare derived from irrigation water use compared with the existing pricing
structure, though, in the specific case study, the improvement is small. Furthermore, the results also
suggest that irrigation water pricing policy needs to take into account different farm types, and that
appropriate contract-type pricing schemes have a potential role in providing incentives to farmers to
make irrigation choices to the social optimum.
Keywords: adverse selection; asymmetric information; incentives; menu of contracts; principal agent
model; water pricing
1. Introduction
In several countries, statistical evidence shows a decline in the quantity and quality of water
resources in recent years, accompanied by increasing concern for future availability [1–5]. Adverse
climate change impacts, population growth, and increased food demands are causing tensions and
competition for water resources. These pressures on water resources are leading many countries to
(re)think their water policies in order to improve water use efficiency [4,6–11].
To achieve water efficiency in the agricultural sector, new technologies and best practices need
to be adopted [12–14]. The reform of water pricing policy is considered to be one of the relevant
instruments available for the improvement of water use efficiency. In many countries, pricing systems
for irrigation water have been improved in recent years, as new water contracts have replaced older
tariff systems that were designed at a time when water was less scarce, or when there was lower
awareness of the issue of water conservation. Yet, there are noteworthy disparities among and within
countries with regard to irrigation water prices and pricing systems, and consequently in the ways in
which irrigation water is used [15,16].
In the European Water Framework Directive 2000/60/EC (WFD), the main reference framework
for water management in the European Union (EU), the use of water pricing as an instrument for
reducing water use and water pollution is strongly recommended, and volumetric pricing is suggested
to provide incentives for the proper use of water. Furthermore, WFD encourages pricing policies
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as an effective device for water demand management [5,11,14,15,17–19]. In addition, the European
Commission’s Blueprint highlights the role of water pricing and continuing enforcement actions to
ensure compliance with Article 9 and to improve water efficiency in Europe [20].
Water policy also involves the creation, operation, and maintenance of infrastructures and the
implementation of water services. Related water charging must meet economic, environmental,
and social objectives. A major challenge, therefore, is designing pricing mechanisms that reflect
an appropriate balance among competing objectives, taking into account at the same time the cost and
demand structure [9,21].
Water pricing design for irrigation constitutes a unique challenge for the scientific community, and
in recent decades numerous studies have been conducted worldwide to analyse pricing policies for this
sector. The pricing methods used for irrigation water are: volumetric pricing, non-volumetric pricing,
and market based pricing [6,9,11,15,22,23]. For each of these groups a variety of specific mechanisms
can be used in practice. For example, volumetric prices may be designed as either linear or block
tariffs. Non-volumetric pricing, largely relying on area-based tariffs, is by far the most widely used in
agriculture. Yet combinations are also frequent, for example, area-based combined with volumetric
pricing components.
The need for water pricing reforms is greater in countries that have recently witnessed stronger
institutional change and major regulatory instability, such as Albania. Albania is a country of contrasts
in terms of water issues. It is blessed with plentiful water resources, but due to the lack of maintenance
and poor management of irrigation infrastructure, and lack of an appropriate monitoring system,
the needs for irrigation are currently not met in time and quantity. As a result, the efficiency of water
use for agriculture, industry, and public use remains low. In particular, the country is affected by
end-of-pipe water scarcity due to an obsolete distribution system, significant water loss, and poor
water use efficiency [24,25].
In this context, compliance with EU legislation and the WFD is becoming a major concern, as it
constitutes an important condition for Albania’s accession to the EU. Compliance with the WFD has
not yet been met and efforts are needed in this direction in the near future [16].
With regard to the water-using sectors in Albania, in recent decades the country has experienced
a decline in the irrigation sector due to unfavourable socio-economic conditions and stagnating
agricultural markets. At present, the actual state of irrigation is difficult to assess due to data limitations.
Findings show, for example, that the irrigated area is higher than the area reported. In addition, Water
User Associations (WUAs) must mediate between dealing with cost recovery issues and providing
a more equitable and efficient distribution of available irrigation water [25].
As it is the case in many countries, the key issue in reforming water pricing in Albania is the fact
that most water used is unmetered.
The objective of this study is to design an efficient (social welfare maximizing) pricing scheme in
conditions of unmetered water, using empirical information from a region in Albania. This objective
was reached by using a mechanism design approach that makes it possible to identify a menu of
contracts discriminating among farmers and is implemented assuming that the WUA seeks to motivate
farmers to use the optimal amount of water in a context of asymmetric information.
The main originality of the study rests in combining a rather recent and unexplored field of
investigation (asymmetric information in water pricing) and a context (Albania) in which water use is
still insufficiently investigated. As such, the study is intended to be exploratory in nature, and hence
suitable to prepare the background for further applications and improved modelling approaches in
other areas with similar conditions.
The paper is divided into six sections. Section 2 describes the approach and method used, as
well as the selected model. Section 3 outlines the case study and presents an overview of the current
situation with regard to irrigation in a selected area of Albania and the country as a whole. Section 4
presents the implementation of the model, data analysis, and the identification of a menu of contracts
under asymmetric information. Section 5 provides the results, and Section 6 offers both a discussion
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and conclusions highlighting how contract theory provides meaningful guidelines for reforming the
water charging system.
2. Materials and Methods
This research considers a menu of contracts for water charging in an irrigated area. The menu of
contracts was compared with flat rate payments, since the flat rate payment is, at present, the only
scheme being implemented in the case study area. The menu of contracts is described in the form of
a first and a second best solution, in order to consider both the best feasible case (second best) and
the best theoretical solution in case of perfect information. The method is based on the application of
a menu of contracts as an instrument for the assessment of possible improvements in water pricing
in conditions of asymmetric information regarding water use by farmers, and follows the method
implemented by a recent paper [19].
In order to identify the optimal contract scheme, a mechanism design approach was implemented.
The purpose of this approach was to identify the appropriate design for a menu of contracts identified
by a payment pi and a share of irrigated area qi (related to water use) that is able to provide incentives
towards (more) efficient water use. On the contrary, in the flat rate case, the payment is determined by
the irrigable area and the farmer decides how much land to irrigate independent from the payment [19].
Though rather simplified in this application, the model represents, in essence, a theoretical
approach to understanding contractual relationships between the principal and the agent in the case of
water resources. The principal is the person who delegates tasks or the party who offers the contract to
the agent. The agent is the person who can either take the contract, to perform a task on behalf of the
principal or having implications for the principal’s objective function, or leave it.
In our context, asymmetric information is a situation in which different knowledge related to
water consumption could favour one party as opposed to another. Under perfect information, the
regulator knows all the needed information and can set the optimal water quota for each farmer (and
set the related price individually). Under asymmetric information, the regulator does not have all of
the required information about the farm that would allow this [7,10,13,19,21,26].
Asymmetric information can appear in three forms: as moral hazard, when the agent can take
an action unobserved by the principal; adverse selection when the agent has some private knowledge
about his cost and/or benefit that is unknown to the principal; and no verifiability, which occurs when
the principal and agent share, ex post, the same information, but by law no third party can observe
this information [27,28]. In the case studied in this paper, asymmetric information is considered in the
form of adverse selection only.
A menu of contracts is created as the combination of a payment pi with respect to allowed share of
irrigated area qi. By setting the menu, the regulator has the objective to maximize the social benefit z(qi)
represented by the sum over i farm’s profit minus the cost of water provision as defined in Equation (1),
and with i = 1, . . . n representing the different farm types. Without loss of generality, it is assumed
a Leontief technology for all the production factors concurring in generating the farms profit πi(qi)
and this is expressed as a function of the share of irrigated area qi for each farm type i. A farms’ profits
are calculated considering all costs except for the payment for irrigation water. The cost is given by
cwi(qi). wi is the farm’s water use function and c is the unit cost of water given in €/m3 and assumed
as not changing with the amount of water used. The total cost of water is dependent on the estimated
amount of water demand by each farm type (m3/ha) and is given in unitary terms €/ha.
The regulator is also assumed to have the obligation of cost recovery, which means that the
payments (either p or pi) need to cover the cost of water provision. Cost recovery can be achieved
by individual farms in the case of full information (first best), while it can be achieved only on the
aggregate in case of asymmetric information. The concept of full cost recovery in its wider form is
better tackled by [29,30].
The farm’s net profit Π(qi) is achieved as the difference between the farm’s profit and the
associated payment (pi) for water provision. The payment can, in fact, be either a flat rate, homogenous
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across farms (p), or differentiated by farm (pi). We assume homogenous farm size equal to 1, for
simplification and without loss of generality.
Assuming the first best conditions (full information), the water regulator seeks to set the water
price in such a way as to maximize social benefit (as given in Equation (1) below), subject to the cost






FCRi : pi = cwi(qi)∀ i ∈ n, (2)








i )∀ i ∈ n, (3)
This is the first best solution corresponding to the level of the share of irrigated area for which the
marginal profit equalizes the marginal cost of water for society. Equation (2) specifies that the full cost
recovery principle of the WFD must be met by society as a whole and also by individual farms. In the
problem, Equation (2) is satisfied with strict equality as there is no reason to increase the price of water
above the supply costs for society. Equation (3) defines the optimal share of irrigated area for each
farm type q∗i .
It is worth noting that if metering had been possible, the same result would have been achieved
by imposing a volumetric charge equal to c and this would have corresponded to the marginal profit of








) = c, (4)
The opposite situation is given by the flat rate payment, in which the regulator cannot impose
the share of irrigated area, but only ask for a flat payment p per unit of irrigable area. Each farmer
contributing for the provision of water with a flat rate payment will choose to irrigate a share of area
that will allow him to maximize profits:
maxΠi(qi) = πi(qi)− p, (5)
The maximization problem of Equation (5) with respect to the share of irrigated area qi leads to






The level of the flat rate payment does not affect farm choices, as farmers irrigate the same share
of irrigated area regardless of the level of the tariff. On the other hand, the optimal share of irrigated
area is different across farms depending on the farm’s i profit function.
The level of social benefits achieved will be given by Equation (1), with qi = qFRi , while the








If the price of water is greater than zero, c > 0, then, the share of irrigated area under the flat
rate scenario will be greater than the share of irrigated area under the first best pricing scenario (i.e.,
qFRi > q
∗
i for all farms). The total social benefit will be lower than in the first best scenario, as the
share of irrigated area will be higher than the social optimum. The total amount of payments, on the
contrary, will be higher, as the overall amount of water used is higher. The payment for individual
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farmers may be lower or higher than in the first best scenario depending on whether the individual
farm is below or above the average water consumption.
We now turn to the third option, which assumes that the water provider does not have complete
information about each farm type. More specifically, the provider knows the existing farm types,
but is unable to observe each farm type, which could give an incentive for farmers to misrepresent
themselves. Under these conditions, the principal cannot assign the optimal contract type to each farm.
However, it can still design a menu of contracts that would induce farmers to reveal their type through
the choice of the contract. This, however, can entail an information rent for some farmers.
The problem can be now represented as a maximization of Equation (1), subject to the
following constraints:
PCi : πi(qi)− pi ≥ 0 ∀ i ∈ n,
ICi : πi(qi)− pi ≥ πi(qi′)− pi′ ∀ i ∈ n and i 6= i′,
FCRi : pi ≥ cwi(qi)∀ i ∈ n,
(8)
The participation constraint PCi guarantees that it is not possible to ask farmers for more money
than the profit generated from the water provided. The incentive constraint ICi guarantees that each
farmer will have an incentive to choose the type of contract that is designed for him when profit minus
cost of water for farm type i is higher than the profit of farm type i′ which uses the share of irrigated
area qi′ and pays the price for water as another farm type that is different from i, (i.e., i′). Finally,
the Full Cost Recovery FCRi constraint guarantees that the cost of water provision is completely paid
by each farm type, since the price of water for farm type i should be higher or equal to the cost of water
used, taking into account the water use expressed as a function of qi. Full cost recovery in this paper
assumes that the WUA is seeking to recover operation and maintenance costs for supplying water to
the irrigation network. The total cost of water is dependent on the estimated amount of water demand
for each farm type (m3/ha). Typical operation and maintenance (O&M) costs in the region include
payment to water masters to clean and maintain the secondary canals, as well as the managing and
distribution of water to tertiary canals to facilitate the withdrawal by farmers. The cost of investment
and the primary canals to divert water are not under the WUA responsibility and are not considered
in this paper. The state provides assistance to cover the investment and maintenance of primary canals
and the diverting water from reservoir to irrigation network.
The maximization problem above, expressing the formulation of the menu of contracts under
asymmetric information, does not imply a consistent theoretical solution unless rather restrictive
hypotheses are imposed. In our case, we leave to the empirical application to identify the numerical
solution able to modulate the payment and share of irrigated area in such a way as to render the farmer
indifferent to his or her contract type and to mimicking others. Further illustration is provided in
the results section. The above-illustrated models were implemented using GAMS (General Algebraic
Modelling System), well know optimization software.
3. The Case Study
Community irrigation management has a long tradition in Albania. Yet during the centralized
socialist system from 1945 to 1990, everything formally belonged to the state. It is worth noting
that during this period the country invested heavily in irrigation, drainage, reclamation, and land
improvement projects, hence increasing the irrigated area to about 50% of the total agricultural land.
The post-communist period was characterised by the dismantlement of the previous system and
an increase in farmers’ distrust toward the central government. At this time, land privatization
started rapidly in Albania; the result of which was the creation of more than 400,000 small farms with
an average size of about 1.4 ha [24].
After 1991 the irrigation network was shattered almost everywhere in the country, and a huge
share of firmly irrigated land became non-irrigated due to the destruction of many channels and water
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distribution systems. The small private farms with insufficient land in many cases have fundamentally
changed the character of agriculture, and the role of irrigation and their needs with respect to irrigation
have not been clearly communicated. Therefore, the Water Enterprises were not able to better classify
irrigated and non-irrigated area and likely failed to distribute water to a relevant share of small farms.
The Government of Albania adopted the policy to transfer the operational responsibilities of secondary
irrigation canals to water users through Water Users Associations (WUAs), with the operation and
maintenance of the primary canals and irrigation reservoirs under the responsibility of the state-owned
Water Enterprises.
The establishment of WUAs was in accordance with Law No. 9860 of 2008, later amended and
supplemented by Law No. 8518 of 1999 regulating irrigation and drainage. This law establishes a legal
framework for creating and operating associations of water users. Moreover, the law defines the
structure and organisation of these associations.
The WUA are unions of farmers, operating and maintaining the irrigation distribution facilities
transferred to them for this use, and were expected to improve the cost recovery process and develop
a more effective water payment system in the long run. The WUAs are responsible for distributing
water among their members and collecting water charges; farmers in the area pay for irrigation water
provided by a WUA.
The WUA of Çukas, located in the Commune of Lushnja, in central Albania, was selected for
the case study and is used as a prototype to discuss the operational methods for improving the
performance of irrigation water charges throughout the country. The WUA covers a total area of
5630 ha, out of which the irrigated area accounts for 4405 ha and there are 3218 farmers. The main
cultivated crops are: winter wheat, maize, alfalfa, vegetables, beans, greenhouse vegetables, and
grapes. The area has an abundance of water, most of which is from open canals, while in recent years
additional infrastructures have begun to use pressurized pipes. Even though the water regimes differ,
the entire area is characterised by a flat rate pricing system.
The application of water tariffs is uncomplicated, but collection and water management is not
without challenges. The water payments are based on the area of land irrigated, independent of the
amount of water used, and are set as a flat rate water tariff in ALL/ha (ALL is Albanian currency,
which in Albanian is called LEK), (i.e., farmers also pay a yearly fee independent from irrigated area
for maintenance of irrigation and the drainage system). Payments are usually made in advance such
that water provider can estimate the overall irrigated area as farmers pay and subscribe for irrigated
hectare (there are cases in which they do not pay, but irrigate during the season, this could constitute
another topic for research and discussion). Accordingly, by receiving payments in advance they are
not able to link the water payments with demand and cannot modulate advance payments with water
consumption in the season. Water providers estimate only the irrigated hectares and know the crop
cultivation in area during the irrigation season. Moreover, there is a conflict between upstream and
downstream irrigators in the region, and for this reason, downstream farmers may lack water for
irrigation in the peak period.
Given this situation, and knowing that water is unmetered in the case study, for simplicity,
we considered the payment method as a fixed payment (flat rate) for the irrigated area. In such
circumstances, it was not possible to suggest water payments based on water metering. Accordingly,
we propose a scheme based on a menu of contracts so as to link the water payments with corresponding
water consumed for the share of irrigated area.
4. Model Implementation
The implementation of the above-mentioned models require several different farm types to be
taken into consideration. In Table 1 we present four farm types and illustrate the category that each
type belongs to in terms of total land for each type, number of farmers in each type, available land,
agricultural land, and the average farm size. According to the data collected through interviews
with members of the WUA, we were able to identify the number of different cultivated crops in very
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fragmented plots, provided as a percentage with respect to the overall cultivated area within the type.
Moreover, the level of water consumption of specific cultivated crops was identified for each type and
the agricultural production value of each crop for each farm type (quantity produced multiplied by
the market price of the product). The farms’ profits shown in the table represent the difference of the
profit under an irrigation regime with non-irrigation. In addition, the table highlights that farm types 1
and 2 have mixed cultivated crops with the highest level of water consumption, in total, per hectare
compared with types 3 and 4, which gives them in return the highest level of yield. Furthermore, the
size of the cultivated area of the same crop over types is different and sometimes with different levels
of production values, even though farmers are approximately applying the same amount of water.
This is plausible as in the region irrigation practices are quite standardized for crop typologies, while
other factors, such as land quality, might differ considerably within the region.





0–1 Ha 1–2 Ha
No. of farmers 662 No. of farmers 1495
Available land 377 Available land 2289
Agricultural land 307 Agricultural land 2122
Average farm size 0.46 Average farm size 1.42
Crops Cultivated%
Water Use





Cucumbers 12 4000 26,785.71 Tomatoes 2 4000 21,428.57
Beans 9 2400 1499.97 Vegetables 5 2800 3750.00
Maize 32 3600 1166.67 Vineyard 2 600 1957.14
Alfalfa 19 2400 590.91 Maize 14 3600 1333.3






2–3 Ha >3 Ha
No of farmers 828 No. of farmers 233
Available land 1999 Available land 965
Agricultural land 1292 Agricultural land 684
Average farm size 1.56 Average farm size 2.94
Crops Cultivated%
Water Use





Vegetables 16 2800 4017.86 Vegetables 6 2800 4821.43
Vineyard 16 600 2935.71 Vineyard 6 600 3914.29
Maize 18 3600 1666.67 Maize 6 3600 1833.33
Alfalfa 35 1200 725.97 Alfalfa 79 1200 759.74
Wheat 15 0 Wheat 3 0
Table 2 illustrates the profit function and the water cost function according to each farm type.
The profits function of each farm type yi = −aiq2i + biqi, is obtained by regressing the differences of
the profit obtained for each irrigated crop and the profit obtained for not irrigated crops with respect
to the share of irrigated area. The profit function is concave and the quadratic function is taken to
better adapt the shape of the empirical water production functions that are used in many cases in the
field of agricultural economics. yi represents the profit of the farm based on the observed crop mix,
with respect to the share of irrigated area on total, and for each farm type. The (a, b) coefficients are the
coefficients obtained by regressing the achieved profit with respect to the share of irrigated area. It is
worth noting that the profit function is taken as a farm’s revenue from cultivation minus expenses for
seed or plants, fertilizer, pesticides, and tilling, while costs such as labour are not subtracted.
Based on estimated crop water consumption and unit water cost with respect to each farm type,
we estimate the cost of water for each crop, which leads to an estimation of the total cost of water for
irrigation to the overall area cultivated and irrigated for each specific farm type. The computation
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of the cost function is made based on a consideration of the unit cost of 0.06 €/m3. This represents
the operation and maintenance (O&M) costs. The O&M costs are associated with the supply system
from the secondary canals into the farm. Typical O&M costs, in the region, include payment to water
masters to clean and maintain the secondary canals, as well as the managing and distributing of water
to tertiary canals to facilitate the withdrawal by farmers. A negative cost function is achieved due
to the fact that, as following the sequence of crops, their shape is an empirical issue and does not
represent the theoretical increasing marginal function.
Table 2. Profit function and cost function with respect to share of irrigated area (qi).
Functions Farm 1 Farm 2 Farm 3 Farm 4
Profit function y = −9973q2 + 14293q y = −5063q2 + 7617.6q y = −2094q2 + 3809.8q y = −1787q2 + 3572.2q
Cost function y = −103q2 + 234q y = −88q2 + 170q y = −68q2 + 161q y = −59q2 + 141q
Incorporating in the model the profit and cost function taken from Table 2, we were able to
calibrate the models presented in Section 2 with the actual data of the area.
5. Results
The results of the simulation for the three different pricing schemes are reported in Table 3. Results
are expressed in terms of policy parameters (payments and share of irrigated area), profits, net profits,
and social net benefit.
The flat rate option shows a social benefit z(qi). is inferior compared with both first and second
best options, while the farm’s profit is higher. The net benefit of farm type 1 is higher in the flat rate
case. This happens because the farmer may cultivate high water consumption crops and benefit from
the fact that payments are set equally among types. This mechanism would favour some farmers that
cultivate high water consumption crops and penalize others that consume water in smaller amounts
but are forced to pay the same amount as the others. Nevertheless, the overall water payments are
higher on average in the flat rate case (as they have higher irrigation shares), compared with first
best option.
Table 3. Flat rate, first best, and second best water payment scheme.
Flat Rate
Farm Types qi (%) pi (€/ha) πi (pi) (€/ha) Πi(qi) (€/ha) z(qi) (€/ha)
Farm 1 0.717 91.262 5121.1 5029.811
11,138.74
Farm 2 0.752 91.262 2864.8 2773.575
Farm 3 0.91 91.262 1732.9 1641.614
Farm 4 0.999 91.262 1785.0 1693.738
First Best
Farm Types qi (%) pi (€/ha) πi(pi) (€/ha) Πi(qi) (€/ha) z(qi) (€/ha)
Farm 1 0.712 114.41 5120.90 5006.47
11,139.24
Farm 2 0.748 77.94 2864.76 2786.82
Farm 3 0.9 89.84 1732.70 1642.86
Farm 4 0.993 81.83 1784.90 1703.09
Second Best
Farm Types qi (%) pi (€/ha) πi(pi) (€/ha) Πi(qi) (€/ha) z(qi) (€/ha)
Farm 1 0.712 114.41 5121.1 5006.47
11,139.24
Farm 2 0.748 104.48 2864.8 2760.28
Farm 3 0.9 89.84 1732.9 1642.86
Farm 4 0.993 81.83 1785.0 1703.09
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Looking carefully at the mechanisms behind the results of the second best menu of contracts,
it appears that the participation constraints are never binding, the cost recovery constraints are binding
for farm types 1, 3, and 4, while the incentive constraint is binding for farm type 1 only. This means that
in the second best menu of contracts, the water regulator can adopt a strategy that offers farmers the
opportunity to irrigate the optimal share of irrigated area. This indeed happens for farm types 2, 3, and
4, all of which will opt for the contract targeted to their type. The opposite holds for farm type 1, which
has the highest water payment, and who would try to misrepresent himself by mimicking farm type 2.
Therefore, to make farm type 1 indifferent to the contract that belongs to him and the contract designed
for another farm type, an increase in the water payment for farm type 2 is made, which is illustrated
in Table 3, second best solution. Other farmers, namely types 1, 3, and 4 pay equal as in the first
best solution (considering other options, the range of farmers that cheat during the contract selection
may change (i.e., for different profits and costs)). The solution reached shows that all farm types still
irrigate up to the level that marginal profit equalizes the marginal cost of supplying water (as seen
in Equation (3)), which means that there are no additional supply water costs for the water provider
and the same water cost level is incurred. However, the water payment differs at least for farm type 2.
This increase in farm type 2’s water payment does not affect the social benefit, which will be the same as
in the first best solution. Nevertheless, this causes a decrease in his net profit, which is lower compared
















. indicate the farm type 2’s net
profit in the first and second best menu of contracts). This result is connected to the assumption that
the higher payment in itself has no additional social cost; otherwise a need for additional incentive
payments would also be accompanied by a change in optimal share of irrigated areas.
A sensitivity analysis is carried out to evaluate the farm’s behaviour under an increase in water
costs (Table 4 and Figures 1–4). We assume water cost levels from 0.00 €/m3 to 1.20 €/m3, in spite of
the fact that the upper levels are rather unrealistic in the area. In this way we show potential real life
results in the range below 0.50 €/m3 (considering a potential future increase of water costs also in
a context of climate change and higher probability of water shortages even in water-rich areas), while
the water cost levels above 0.50 €/m3, rather far from real-life values, are used as a more academic
exercise in order to better show the functionality of the models proposed and to highlight the role of
asymmetric information, as well as to clearly show the difference between the first best and second
best option. As expected, the increasing level of water costs results in an increase in water payments
for farmers and a decrease in the farm’s net profit.
Under a flat rate scheme, where this higher cost is not transferred to farmers, the demand for
irrigation water remains at the optimal level when the water costs increase, but there is an increase in
water payments for farmers.
Table 4. Range of social benefits as water costs increase z(qi).
Water Cost Flat Rate First Best Second Best
(€/m3) (€/ha) (€/ha) (€/ha)
1.20 4202.79 4616.93 4476.52
1.08 4932.89 5229.12 5019.25
0.96 5662.99 5873.94 5686.55
0.84 6393.09 6540.81 6536.44
0.72 7123.19 7223.55 7219.44
0.60 7853.29 7918.29 7918.29
0.48 8583.39 8622.45 8622.45
0.36 9313.49 9334.24 9334.24
0.24 10,043.59 10,052.33 10,052.33
0.12 10,773.69 10,775.77 10,775.77
0.00 11,503.79 11,503.79 11,503.79
Under the menu of contracts option, the regulator responds to the higher water costs by reducing
the share of irrigated area allowed in the contracts, which leads to a reduction in water use. Also under
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the menu of contracts, the water payment increases as the water cost increases, but shrinking the share
of irrigated area is associated with diminishing compensation payment (which is reasonably associated
to a decreased irrigation share). Table 4 illustrates the corresponding social benefit for each pricing
scheme for different water cost ltevels. Over the variation of water cost levels, the total social benefit
decreases. With water costs equal to zero, the three pricing schemes are equivalent. By increasing water
costs, a difference becomes evident between flat rate and the other two options, and this difference
becomes greater as the water cost increases. This is because the flat rate option does not transfer the
costs to the farmers.
Concerning now the difference of social benefit between the first best and second best, this
occurred due to the fact that for some water cost levels, in the second best solution, farmers decrease
the share of irrigated area more than in the first best, which corresponds to a lower level of social
benefit. In addition, for water cost level above 0.60 €/m3, the difference becomes more evident.
Figure 1, given below, illustrates the range of the share of the irrigated area as the water cost
increases on the primary axes, and the trend of the social benefit on the secondary axes for each
pricing option. The term IRR (i.e., IRR-Flat Rate) on the table stands for the irrigated share provided as
averages across farms, and SB stands for social benefit. Under flat rate of water pricing option (green
line), farmers do not decrease the share of irrigated area for the fact that their payments are not directly
linked with the amount of water used. Under the menu of contracts, this is different: farmers decrease
the share of irrigated area as the water cost increases. Under the first best option, the decrease of the
irrigated share varies in the range 0%–15% while, under second best, farmers decrease the irrigated
share even more, in the range 0%–52%. The decrease of the share of the irrigated area is associated
with decreases of the farms’ profits.
Figure 1 also provides the trend of the social benefit under different water pricing options; as
expected, the social benefit decreases as the water cost increases in all cases. However, in the first part
up to 0.6 €/m3, the range of decrease of the social benefit appears to be in the same portion for all
pricing options (actually, it differs by a very small amount); above 0.60 €/m3 the change starts to be
more evident. This occurs due to the fact that up to a water cost level of 0.60 €/m3 farmers do not
decrease the irrigated share as much, which does not reflect the decrease of the social benefit; above
0.60 €/m3 the differences in decreasing the social benefit become more distinguishable.
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Figure 1. The IRR-Flat Rate, IRR-First Best, and IRR-Second Best curves illustrate the trend of the share
of irrigated area. The SB-Flat Rate, SB-First Best, and SB-Second Best curves illustrate the trend of the
social benefit consi ering thre water pricing cenarios, as th water cost increases. IRR, irrigated share
provided as averages across farms; SB, social benefit.
A graphical illustration is provided in Figures 2–4 to show the trend of a farm type’s net profit
under different water cost levels with respect to different water payment options.
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In all water pricing options, the increase in the water cost would reduce the farm’s net profit.
Regarding the flat rate water pricing scheme, Figure 2 shows that the percentage decrease goes up
to 38% for farm type 1 and 100% for farm types 3 and 4, which means that farm types 3 and 4 stop
irrigation at some levels of water cost increase.
Under the first best (Figure 3) and the second best menu of contracts (Figure 4), the increase of
water costs decreases a farm’s net profit, as in the flat rate case. In the first best option, the range of
percentage decrease goes up to 40% for farm type 1 and the highest level of a net profit decrease occurs
to farm type 3, with a decrease up to 92%. In the second best option, the percentage of decrease of the
farms’ net profit is even greater for some farmers, for farm type 1 the net profit decreases up to 40%,
as in first best option, and farm type 4 experienced the highest level, with a decrease up to 100%.
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Figure 3. Farm net profit under first best water pricing scenario.
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Figure 4. Farm net profit under second best water pricing scenario.
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6. Discussion and Conclusions
This paper discusses the option of applying a menu of contracts in Çukas (the case study area in
Albania) for irrigation water pricing. The aim of the study was to define an efficient price scheme under
asymmetric information using a principal-agent model. In particular, we considered the potential
of the menu of contracts by using a mechanism design approach which thereby made it possible to
identify a menu of contracts discriminating among farmers and to implement it in such a way as to
assume that the WUA seeks to motivate farmers to use the optimal amount of water in a context of
asymmetric information, and to compare it with the flat rate water pricing scheme currently applied in
region. Few scholars have focused on the theory of water pricing through the principal-agent model.
This paper follows a method proposed by recent studies, notably [7,19].
We acknowledge the weaknesses of this approach and the limitations in proposing straightforward
applications of the results to real life pricing. The quality of policy design is generally dependent on the
data available and the tools used. A significant limitation encountered was that the respective offices
in the case study area were not able to provide the full information required for the study with regard
to irrigation water (for example, more accurate information regarding costs and benefits of farmers
in order to better define the profit and cost function with respect to each farm type). An additional
limitation is that the demand functions were obtained by considering revenue with and without
irrigation for the same crop rather than proper demand functions based on water production functions
and the crop mix. These simplifications significantly affected both the design of the menu of contracts
and the results.
Despite these limitations, the method may hint at ways of mitigating the problem of asymmetric
information, even in cases of unmetered irrigation water, since the price discrimination provides
incentives for farmers to choose among contracts. Nevertheless, the results show that using a menu of
contracts (i.e., second best) characterised by variability of water payments to different farm types, may
improve the overall social welfare derived from irrigation water use. On the other hand, the flat rate
scheme only provides a water payment to recover costs, thereby providing no incentives for efficient
water use and conservation. Moreover, the menu of contracts provides a useful framework to study
the problem of water pricing in cases of unmetered water.
In practice, however, it may be difficult to propose a menu of contracts to water users in Cukas
(Albania) because of the novelty of this approach compared with the traditional method. Even if we
are aware of the difficulties inherent in this methodology in terms of application and implementation,
our intention was to provide a useful method for the creation of mechanism design through contract
theory. Furthermore, the theory of menu of contracts could encourage policy makers to consider this
new pricing strategy as an option and to use insights derived from this approach in improving the
irrigation system.
The application of this method and the realisation of tangible outcomes can be reached by
implementing it with a better endowment of data. Moreover, the method used can be improved in
the near future by estimating more reliable demand functions. In addition, further research could be
undertaken by theoretically developing the framework for designing payments under asymmetric
information. This would go a long way towards analysing the feasibility of the model in real life
conditions and towards evaluating its effectiveness.
Acknowledgments: The authors would like to thank two anonymous reviewers for their extremely helpful
feedback, which helped to improve the quality of the paper.
Author Contributions: Alban Lika and Davide Viaggi conceived and designed the methodology aspects of the
paper. Francesco Galioto contributed in model calibration. Pandi Zdruli contributed in data collection and quality
check. Alessandra Scardigno worked in data elaboration. All authors wrote the paper.
Conflicts of Interest: The authors declare no conflict of interest.
Water 2016, 8, 596 13 of 14
References
1. Dinar, A.; Subramanian, A. Policy implications from water pricing experiences in various countries.
Water Policy 1998, 1, 239–250. [CrossRef]
2. Hanjra, M.A.; Qureshi, M.E. Global water crisis and future food security in an era of climate change.
Food Policy 2010, 35, 365–377. [CrossRef]
3. Viaggi, D.; Raggi, M.; Sardonini, L.; Ronchi, D. Implementation of the Water Framework Directive in
Italy: State of the Art and Selected Research Issues. Available online: http://www.ugr.es/~ambientalia/
articulos/art_categorias/wfd/ECONOMIA/SPI_5_Viaggi_VVAA(2010)_Ambientalia_en.pdf (accessed on
14 December 2016).
4. Zoumides, C.; Zachariadis, T. Irrigation water pricing in southern Europe and Cyprus: The effects of the
EU Common Agricultural Policy and the Water Framework Directive. Cyprus Econ. Policy Rev. 2009, 3,
1450–4561.
5. Vasileiou, K.; Mitropoulos, P.; Mitropoulos, I. Optimizing the performance of irrigated agriculture in eastern
England under different water pricing and regulation strategies. Nat. Res. Model. 2014, 27, 128–150.
[CrossRef]
6. FAO. Economic Valuation of Water Resources in Agriculture; Water Report, n. 27; FAO: Rome, Italy, 2004.
7. Galioto, F.; Raggi, M.; Viaggi, D. Policies in managing water resources in agriculture: An application of
contract theory to unmetered water. Water 2013, 5, 1502–1516. [CrossRef]
8. Gomez-Limon, J.A.; Berberl, J. Multicriteria analysis of derived water demand functions: A Spanish case
study. Agric. Syst. 2000, 63, 49–71. [CrossRef]
9. Johansson, R.C. Pricing Irrigation Water: A Literature Survey; The World Bank: Washington, DC, USA, 2000.
10. Johansson, R.C.; Tsur, Y.; Roe, L.T.; Doukkali, R.; Dinar, A. Pricing irrigation water: A review of theory and
practice. Water Policy 2002, 4, 173–199. [CrossRef]
11. Fragoso, R.; Marques, C. Alternative irrigation water pricing policies: An Econometric Mathematical
Programming Model. New Medit Mediterr. J. Econ. Agric. Environ. 2015, 14, 42–49.
12. Levidow, L.; Zaccaria, D.; Maia, R.; Viavas, A.; Todorovic, M.; Scardigno, A. Improving water-efficient
irrigation: Prospects and difficulties and innovative practices. J. Agric. Water Manag. 2014, 146, 84–94.
[CrossRef]
13. Mysiak, J.; Gómez, C.M. Water pricing and taxes: An introduction. In Use of Economic Instruments in Water
Policy: Insights from International Experience; Lago, M., Mysiak, J., Gómez, C.M., Delacámara, G., Maziotis, A.,
Eds.; Springer: Cham, Switzerland, 2015; pp. 15–20.
14. Giannakis, E.; Bruggeman, A.; Djuma, H.; Kozyra, J.; Hammer, J. Water pricing and irrigation across Europe:
Opportunities and constraints for adopting irrigation scheduling decision support systems. Water Sci.
Technol. Water Supply 2016, 16, 245–252. [CrossRef]
15. Aidam, W.P. The impact of water-pricing policy on the demand for water resources by farmers in Ghana.
Agric. Water Manag. 2015, 158, 10–16. [CrossRef]
16. Bacca, P.; Sheridan, N.; Pearse, J.; Panariti, N. Implementation of the National Plan for Approximation
of Environmental Legislation in Albania. Commission of European Communities, for and on Behalf
of the Government of Albania. Directive Specific Implementation Plan. Nitrate Directive (91/676/EC).
2009. Available online: http://www.ibeca.al/pages/docs/inpail/Draft_DSIP_ND.pdf (accessed on
14 December 2016).
17. Alarcon, J.; Mesa-Jurado, M.A.; Berbel, J. Devising irrigation water tariffs with overconsumption penalties.
Span. J. Agric. Res. 2011, 9, 971–980. [CrossRef]
18. Giannoccaro, G.; Prosperi, M.; Alcon, F.; Martin-Ortega, J. Assessment of irrigation pricing policies: A data
envelopment analysis approach. Environ. Nat. Resour. Res. 2013, 3. [CrossRef]
19. Viaggi, D.; Raggi, M.; Bartolini, F.; Gallerani, V. Are simple pricing mechanisms enough? Designing contracts
for irrigation water under asymmetric information in an area of Northern Italy. Agric. Water Manag. 2010, 97,
1326–1332. [CrossRef]
20. European Commission (EC). A Blueprint to Safeguard Europe’s Water Resources. COM(2012) 673 Final; EC:
Brussels, Belgium, 2012.
21. Smith, R.B.W.; Tsur, Y. Asymmetric information and pricing of natural resources: The case of unmetered
water. Land Econ. 1996, 73, 392–403. [CrossRef]
Water 2016, 8, 596 14 of 14
22. FAO. Coping with Water Scarcity. An Action Framework for Agriculture and Food Security; Water Report, n. 38;
FAO: Rome, Italy, 2012.
23. Dinar, A.; Pochat, V.; Albiac, J. Water Pricing Experiences and Innovations; Springer: Cham, Switzerland, 2015.
24. Ismaili, H. Participatory Irrigation Management in Albania; Ministry of Agricultural, Food and Consumer
Protection: Tirane, Albania, 2010.
25. Sallaku, F.; Chachalis, D.; Darawsheh, M.K.; Tota, O.; Huqi, B.; Fortuzi, S. Improving participation
and cooperation on water management: Experience from farmer-managed systems in Albania.
Food Agric. Environ. 2009, 7, 252–255.
26. Tsur, Y. Water regulation via pricing: The role of implementation costs and asymmetric Information.
In The Political Economy of Water Pricing Reforms; Dinar, A., Ed.; Oxford University Press: Oxford, UK,
2000; pp. 105–120.
27. Bolton, P.; Dewatripont, M. Contract Theory; The MIT Press: Cambridge, MA, USA; London, UK, 2005.
28. Laffont, J.J.; Martimort, D. The Rent Extraction-Efficiency Trade-off. In The Theory of Incentives: The Principal
Agent Model; Princeton University Press: Princeton, NJ, USA, 2002.
29. Toan, T.D. Water pricing policy and subsidies to irrigation: A review. Environ. Process. 2016, 3, 1081–1098.
[CrossRef]
30. Rogers, A.; Bhatia, R.; Huber, A. Water as a social and economic good: How to put the principle into practice.
Glob. Water Partnersh. 1998, 2, 35.
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
